Introduction
Child stunting, defined as decelerated or arrested growth, is associated with higher morbidity and mortality, shorter height in adulthood, lower educational achievement and reduced productivity in adulthood. Therefore, child growth patterns are strong predictors of future human capital and social progress and of the health of future generations 1, 2 . Stunting is a good indicator of long-term malnutrition. Wasting and underweight have distinct etiologies and are not good measurements of long-term morbidity and malnutrition 3, 4, 5 . Stunted children are at greater risk of impaired cognitive development and reduced neuromotor functioning, factors that contribute to poor academic performance and reduced work productivity in adulthood 3, 6, 7 . The main factors of children being stunted include poor living conditions, household food insecurity, low parental education, lack of access to quality health and unhealthy living environments.
Globally, an estimated 165 million or 26% of children under the age of five are stunted; 52 million or 8% are wasted; and 100 million or 16% are underweight 8 . Malnutrition accounts for 35-45% of worldwide deaths among children less than five years old 9, 10 . However, Bangladesh has one of the highest rates of child malnutrition in the world 11 , which represents the leading cause of child morbidity and mortality in the country 12 . Two out of every five children in Bangladesh suffer from moderate-to-severe underweight 13 , and roughly two thirds of deaths among children younger than five years were attributed to undernutrition 14 . Therefore, there is a need to focus on priorities, actions and strategies to combat the enduring problem of child undernutrition worldwide.
Parental decisions have a profound effect on a child's development. Allocation of household resources has a direct impact on child's health and consequently affect the productivity of the children when they are grown up and their life expectancy increases 15 . According to Sulloway 16 , differential parental investment motivates differences in the strategies that children in the same family use to solicit parental investment. Other than the economic point of view of birth order, a broad range of studies have dealt with the impact of birth order on child mortality 17, 18 , children's education 19, 20 , childhood type 1 diabetes 21, 22 , childhood asthma, allergy and eczema 23 . These studies demonstrated that the effects of birth order have some variances in individual differences. The Bangladesh Demographic Health Survey (BDHS) 2011 report showed that unwanted birth and child mortality increases with higher birth order 24 . The report also showed that antenatal care and postnatal care from a medicallytrained provider as well as postnatal checkup for children and full vaccination decline rapidly with higher order of birth 24 . Therefore, a parent's feelings towards a later born and unwanted child might have an adverse impact on the child's health when these feelings contribute to conscious or unconscious neglect of the index child, resulting in inadequate nutrition, lack of parental bonding, and inattention to healthcare needs. The literatures above suggest that higher birth order might have an impact on child nutrition. Therefore, it is important to study the association between birth order and child nutritional status. To the author's knowledge, no study has been conducted in recent times which assesses the association between birth order and child nutrition. Considering its importance, therefore, this study examines the effect of birth order on child malnutrition and hypothesizes that higher order birth will be more likely to be associated with stunting than lower order birth.
Methods Sample
This study analyzed data from the 2011 BDHS, a nationally representative sample of women of childbearing age, which was carried out between July and December 2011 in collaboration with the National Institute for Population Research and Training. A two-stage, stratified cluster sample of 600 primary sampling units was constructed (207 in urban areas and 393 in rural areas) 24 . The primary sampling units were derived from the 2011 Bangladesh Population and Housing Census. A total of 18,222 eligible women aged 12-49 were identified to participate in the survey, 17,842 were interviewed, for a response rate of 98%. The principal reason for non-response among eligible women was their absence from home despite repeated visits to the household.
The BDHS data collection procedures received ethical approval from the Institutional Review Board of Macro International in Calverton, United States of America, and from the National Ethical Review Committees in Bangladesh. Five well-designed, pre-tested questionnaires (a Household Questionnaire, a Women's Questionnaire, a Men's Questionnaire, a Community Questionnaire, and a two Verbal Autopsy Questionnaire) were used during the survey. Questionnaires were drafted in English and then translated into Bangla, the national language of Bangladesh. The questionnaires were pre-tested on 100 households, 100 women, and 70 men in one urban and one rural cluster. Fieldwork for the 2011 BDHS was carried out by 16 interviewing teams, each consisting of one supervisor, one field editor, five female interviewers, two male interviewers, and one logistics staff member. Data collection was implemented in five phases, starting on July 8, 2011 and ending on December 27, 2011. The interviewers went to the respondents' houses and collected information from them by asking questions. Women from selected households were interviewed, whether literate or illiterate. Details of data collection and management procedure are described elsewhere 24 . For this study, the data set was restricted to 4,120 surviving, last-born singleton children who were younger than 36 months at the time of the survey ( Figure 1 ).
Measures
All variables were assessed via self-report. The birth order was categorized as first, second, third, fourth, and fifth and higher order of birth. Weight was measured using lightweight scales with digital screens, and the height/length boards were specially produced for use in survey settings 24 . The measured weights and heights of children were converted to weight-for-age and heightfor-age SD units (z-scores) using the WHO Child Growth Standards 25 . These measures are routinely analyzed to provide assessment of child nutritional status 4 . To provide assessment of nutritional status, this study analyzed an anthropometric outcome variable: low height for age (stunting). Stunted children (chronically undernourished) were classified as such when their height-for-age z score was 2 standard deviations below the median of the World Health Organization's (WHO) reference population. Binary variables were created to define stunting: stunted or not stunted.
This study investigated whether the following socioeconomic and demographic characteristics of mothers and children were associated with the risk of stunting: the child's characteristics included child's age, gender, size at birth and last birth intention. Birth weight was not likely to be known for many babies, particularly for those born at home, therefore the mother's estimate of the baby's size was obtained in the BDHS 24 . A mother's report of a child being "very small" or "smaller than average", even though subjective, is considered a useful proxy for low birth weight 24 . Birth intention was categorized as intended, mistimed and unwanted. "Intended" pregnancies were defined as those pregnancies to parent(s) who wanted the pregnancy, "unwanted" referred to pregnancies to parent(s) not wanting more children, and 'mistimed' were those pregnancies that were wanted, but at a later time. The questions and definitions used here are standard for reproductive health surveys worldwide 26 . Maternal characteristics included mother's age, educational level and maternal body mass index (BMI). Socioeconomic characteristics included rural or urban residence, media access and wealth index. The wealth index was constructed from data on household assets, including ownership of durable goods (such as a television, refrigerator, mobile phone, bicycle, etc.) and dwelling characteristics (such as source of drinking water, sanitation facilities, and construction materials). To create the wealth index, each asset was assigned a weight (factor score) generated through principal component analysis, and the resulting asset scores were standardized in relation to a normal distribution, with a mean of 0 and standard deviation of 1 27 . Each household was then assigned a score for each asset, and the scores were summed for each household; individuals were ranked according to the total score of the household in which they resided. The sample was then divided into quintiles with 1 = poorest and 5 = wealthiest 20% of households.
Statistical analysis
Bivariate analysis and multiple logistic regressions were used to investigate the relationship between order of birth and child malnutrition status, as well as a number of other sociodemographic variables. In all analyses, the significance level was set at p < 0.05 (2-tailed). Unadjusted odds ratios were calculated to explore patterns among variables. Multiple logistic regressions were used to estimate the net effects of maternal pregnancy intention status on stunting by controlling for theoretically relevant variables. Three multivariate models were constructed for nutritional condition of children: stunting. In all three, multivariate logistic regressions were used: the first model examines the influence of order of birth on stunting, while controlling for the effects of the child's age, gender, size at birth and last birth intention. In model 2, maternal characteristics were added. Finally, in model 3, socioeconomic characteristics were added, and the effects of these were estimated. Odds ratios (OR) were estimated to assess the strength of the associations, and we used 95% confidence interval (95%CI) for significance testing. All statistical analyses were conducted using IBM SPSS 20.0 for Windows (IBM Corp., Armonk, USA) to take into account sample weighting based on the complex design of the BDHS. Table 2 displays results from the bivariate analyses of malnourished children by order of birth and other variables of interest. Children of third order, fourth order, fifth and higher birth order are 19%, 36% and 78%, respectively, more likely to be stunted than children of first order birth. Children, aged 12-23 months (OR = 3.94; 95%CI: 3.34-4.64); lower than average birth size (OR = 1.79; 95%CI: 1.52-2.10) and unwanted birth (OR = 1.32; 95%CI: 1.09-1.60) are significantly more likely to be stunted. Children of mothers aged 35-49 years, thin and overweight-obese mothers, and those from rural areas are more likely to be stunted than young mothers (aged 13-24 years), normal BMI mothers and those from urban areas, respectively. Furthermore, maternal education, household wealth and maternal access to media are also significantly negatively associated with children being stunted.
Results

Bivariate analysis
Multivariate analysis
Results from Table 3 indicate that birth order is a significant predictor of a child being stunted in Bangladesh as it is significant in all the models. Children of third order, fourth order, fifth and higher order birth are 24%, 30% and 72%, respectively, significantly more likely to be stunted than children of first order birth after controlling for all other variables (model 3).The results also indicate that children aged 12-23 months (OR = 4.23; 95%CI: 3.61-5.10) and 24-35 months (OR = 1.84; 95%CI: 1.59-2.13) are more likely to be stunted than children aged under 12 months. A child whose size at birth is lower than average and is unwanted is 1.81 times and 1.13 times, respectively, more likely to be stunted than children whose size at birth is average and higher, and children who were intended. Children of mothers with a secondary education and higher education are 19% and 25%, respectively, less likely to be stunted. It is also noticeable that children of thin mothers are 29% more likely to be stunted but children of overweight-obese mothers are 43% less likely to be stunted than normal BMI mothers. Furthermore, children from richest household are 39% less likely to be stunted than poorest household.
Discussion
This study supports the hypothesis and suggests that higher birth order increases the likelihood of being stunted of a child despite the influences of other children, and of maternal and socioeconomic variables. Over the last few decades, though the birth rate has declined rapidly in Bangladesh, still families have more than two children on average (2.3 children per woman) 24 , especially in rural areas. Moreover, Bangladesh has one of the highest rates of child malnutrition in the world 11 . Therefore, understanding the relationship between birth order and child nutrition is particularly important for Bangladesh, where a higher number of children is still considered as a higher means of income. This study provides important insights into the relationship between order of birth and chronic nutritional status of children under three years of age. Specifically, this study finds that higher birth order has a strong connection with child malnutrition after controlling for other theoretically relevant variables suggesting that a mother having fewer children is a determining factor for child nutrition which in turn produces healthy future generations and reduces child mortality in Bangladesh. A possible explanation for this association could be that higher order births are more likely to be unwanted which results in less attention and care from parents: antenatal and postnatal care and child checkup decreases with the higher birth order 24 . Another explanation could be that intra-household allocation of food and resources decreases with an increasing number of births in the household 16 . As a result, births of higher order might suffer from various health hazards as well as malnutrition. This finding is consistent with previous studies while assessing child nutritional status by birth order as a confounding factor in Bangladesh 28 and in other countries 26, 29, 30 . Therefore, the present finding suggests that the efforts of lowering birth order as well as birth rates in Bangladesh may not only reduce child malnutrition but also improve maternal and child health outcomes, and provide the nation a healthy future generation. As well as birth order, a number of other characteristics of the child and mother, as well as socioeconomic characteristics have a strong influence on child malnutrition status in Bangladesh. The child's age is an important factor associated with the risk of stunting. This corroborates with earlier findings 31, 32 , and results also suggest that children aged 12-23 months have the highest level risk for stunting than those under 12 months. In the third year of life, with their introduction to the family diet, children become more responsible for feeding themselves which may contribute to inadequate energy and protein intake. Not surprisingly, a child's size at birth appears to be an important indicator of the child's malnutrition. This present study indicates that children with lower than average birth size were significantly more likely to be stunted. Consistent with previous studies 26, 29 , this study also reveals that maternal birth intention appears to be an important predictor of a child being stunted. These observed associations can be explained by the effects of a mother not wanting her child and their care giving behavior towards such children. The mother's feelings contribute to conscious or unconscious negligence of the index child and may reduce a mother's ability to cope with the everyday needs of a small child and diminish the quality of care giving behaviors, leading to negative health consequences for children 33 .
This study includes several maternal characteristics while assessing the relationship between birth order and the child being stunted. Consistent with previous studies in Bangladesh 34 this study finds that maternal education plays an important role in assessing child malnutrition and suggests that greater maternal education leads to a decrease in the odds of child stunting. This study also found that children of ill-nourished mothers (i.e., those in the thin BMI category) are at higher risk of stunting than are children of well-nourished mothers. This is to be expected because maternal nutritional status is a proximate determinant of the child's nutritional status 36 . The results of the study have shown that children in poorer households were at a much greater risk of being chronically under-nourished than children in better-off households 37 . These findings are consistent with an earlier Bangladeshi study 38 , where children from rural areas are significantly more likely to be stunted. Moreover, this finding also reveals that children of families who have some media access are less likely to be stunted. Based on the above findings, this study therefore recommends that current policies towards improving maternal and child health care need to address higher birth order as an associated factor. Policy makers should pay particular attention to the factors that directly reduce fertility rates such as availability and effective use of contraception in Bangladesh. Reducing the number of malnourished children and fertility rates as well as improving the health of mothers and their children in Bangladesh will therefore need appropriate and effective policies and its proper implementation. These policies might include the efficient and effective use of contraceptives in order to reduce unwanted births and in turn reducing fertility rates. Family planning interventions should aim to reduce the number of extreme birth order pregnancies as well as provide increased support for mothers and infants to reduce malnutrition among children.
A few limitations to this study must be considered. This was a cross-sectional analysis exploring the association between higher birth orders and stunting prevalence. Thus, a causal association between the two factors cannot be established. Given that stunting reflects longterm cumulative nutritional status of individuals, it should be noted that this analysis was carried out based on the assumption that higher birth order is a good proxy for long-term high fertility rates. This study considered and discussed birth order as a health related variable, and ignored the economic point of view and intra-household resource distributions to births of a different order. Another limitation is that the selection of variables is constrained by the preexisting BDHS data, so this study was unable to include certain potentially important variables, including intrahousehold allocation of resources by different order of birth.
In conclusion, the findings from this study provide an important interaction between birth order and child malnutrition status in Bangladesh. This relationship is naturally complex, but results indicate a discernible effect of low birth order in reducing child malnutrition in Bangladesh. This finding may also be relevant in other developing countries where child malnutrition is common. However, future longitudinal studies are needed to investigate the influence of potential mechanisms mediating the association between birth order and poor child nutritional outcomes. 
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